Aiming at crack problems in hydraulic concrete structures, the rough set theory and decision tree analysis are integrated to analyze the cause of crack propagation. Firstly, the measured data are chosen to establish an initial information table. Secondly, the continuous data are discretized by means of rough set analysis. Then, the key factors were obtained from the initial decision table. Lastly, the implicit rules are extracted out of the reduced table based on the decision tree analysis. A case study shows that the integrated method can effectively extract the implicit relation between crack behavior and external influencing factors. 
INTRODUCTION
The crack propagation is a widespread problem in civil and hydraulic engineering. Analysis of crack failure causes play an importance role in ensuring the safety of structure. Many researchers has put forward different methods to cope with such problem [1] [2] [3] [4] .
A mass of observation data is valuable in structure safety monitoring, assessment and data mining. In order to analyze the cause of crack propagation, the rough set [5] and decision tree [6] are integrated to acquire the critical influencing factors, extract the rules of crack failure, and further analyze the relation between the crack behavior and external factors in the paper.
ROUGH SET ANALYSIS OF CRACK PROPAGATION Variable Precision Rough Set
An information system can be described as
,where U is a nonempty finite set called the universe; R is attribute set,
; C is a finite set of qualification attributes and D is a finite set of decision attributes;
. Considering the uncertainty of monitoring data, the variable precision rough set(VPRS) model is used by adding an adjustable threshold value β(0.5<β≤1) to the standard rough set method [5] . When β=0, the VPRS becomes standard rough set. Withβdecreases, the approximate boundary of VPRS becomes narrower and the uncertain area becomes smaller. Therefore, as a tolerance value of the inconsistency of data,β can be used to enhance the robustness of rule and improve adaptability when monitoring data are subject to circumstance interference.
Discretization of Initial Decision System
The continuous measured data should be discretized before analysis in order to establish the initial information table. The initial table is discreted by fuzzy C-means clustering method. The corresponding study of our research group is elaborated in the paper [6] . After the discretization, the decision table is obtained as table 1. 
Reduction of Decision Table
Reduction means reducing the unimportant factors and reserving the critical ones. Based on the rough membership function [5] ,the process is as below:
(1)Assuming the factor set
, it means the factor i c has a marked influence and will
, it means the factor i c has an infinitesimal influence and should be removed. 
DECISION RULES DEDUCTION BY DECISION TREE METHOD

Within a knowledge system
Where X and Y denote the equivalent set of U/C and U/D respectively. Based on the decision rule set obtaind from formulation (2), the reliability of each decision rule μ（X ，Y ）is as follows
Where 0 μ（X ，Y ） 1. The rule r is deteminate if μ（X ，Y ） 1, otherwise the rule r is undeteminate.
The support degree of decision rules on knowledge system S can be described as
In order to obtain more exact rules, the coverage degree is used in the paper, which is defined as
Decision tree analysis is widely used in data mining. A tree can be learned by splitting the source set into subsets based on an attribute value test . The process is repeated on each derived subsets in a recursive manner called recursive partitioning. The detailed process of decision tree analysis is referred in Figure 1 or in paper [6] . 
CASE STUDY Project Profile and Problem
The Case study was conducted aiming to the crack propagation problem in an arch dam composed of 28 monoliths with the maximum dam height 76.3m. During its operation of the project, the dam has been subject to crack problem, especially the horizontal cracks located in 105m elevation.
The project equipped with a number of sensors to quickly monitor the water level, air temperature, displacement, fracture aperture, seepage, uplift pressure, stress, strain, etc. In order to determine the main diseases and causes, the rough set and decision tree method were used to analyze such problem based on the crack monitoring data of measuring point 18-1 in this paper.
Data Collection and Discretion
Choosing upstream water level(C1), tail water level(C2), air temperature(C3), precipitation(C4), and uplift pressure(C5) as conditional attributes(C), and fracture aperture as decision attribute(D), the initial information table was established.
Based on fuzzy C-means clustering method, the clustering center of each attribute was calculated The fuzzy clustering program automatically divides the condition attributes and decision attribute into three grades: 0 (low water level, low temperature, light rain, low pressure, small fracture aperture), 1 (medium water level, medium temperature, medium rainfall, medium pressure, medium fracture aperture), 2 (high water level, high temperature, heavy rain, high pressure, large fracture aperture). The initial decision table is as below table 2. 1  0  0  0  2  0  2  2  1  2  0  0  0  2  3  0  2  0  0  2  2  4  1  2  0  0  1  2  5  0  2  0  2  0 
Condition Attribute Reduction
In term of the result in table 2, the rough remember ship of C1～C5 can be calculated to evaluate the importance of each factor on crack behavior. The result showed that C1 (upper water level) and C3(air temperature) are significant and reserved in decision table, C2 (tail water level), C4(precipitation) and C5(uplift pressure) are nonsignificant and removed from the table. Therefore, the upper water level and air temperature, regarded as the most significant factors, will play important role in crack propagation.
Based on reduced attribute set {C1, C3}, table 2 was converted to table 3 by means of removing the corresponding rows of C2, C4 and C5. 
Rules Extraction
According to the table 3, the equivalence set of each attribute was classified, and the reliability was calculated by formulation (3) . In order to make rules more tolerant, the threshold of reliability was set α 0.6. If reliability value was great than 0.6, the rule was accepted, or the rule was ignored. By operation of decision tree method, the result of decision rules was extracted and reduced as follows in table 4. According to decision tree analysis, there are nine rules of crack failure cause are extracted from the table 3. It can be seen that: (1)The upstream water level and air temperature play the role importance in crack propagation; (2) When air temperature is lower, the fracture aperture is larger; (3) When the upstream water level becomes low, the crack tend to enlarge; (4)The combination of lower upstream water level and lower air temperature is most dangerous to the crack propagation, and is likely to deteriorate the safety of the structure.
CONCLUSIONS
Aiming at crack problems in hydraulic concrete structures, the rough set theory and decision tree analysis are used to analyze the cause of crack propagation. The rough set theory is applied to reduce the condition attribute s and reserve the key factors. Based on the reduced results deduced by the rough set, the decision tree method is employed to further extract the rules of crack propagation. A case study shows that such method can effectively analyze and extract the implicit relation between crack behavior and external influencing factors. 
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